The effect of glutamine biosynthesis and degradation on glucose catabolism in Saccharomyces cerevisiae was studied. A wild-type strain and mutants altered in glutamine biosynthesis and degradation were analyzed. Cells having low levels of glutamine synthetase activity showed high ATP/ADP ratios and a diminished rate of glucose metabolism. It is proposed that glutamine biosynthesis plays a role in the regulation of glucose catabolism.
The effect of glutamine biosynthesis and degradation on glucose catabolism in Saccharomyces cerevisiae was studied. A wild-type strain and mutants altered in glutamine biosynthesis and degradation were analyzed. Cells having low levels of glutamine synthetase activity showed high ATP/ADP ratios and a diminished rate of glucose metabolism. It is proposed that glutamine biosynthesis plays a role in the regulation of glucose catabolism.
The biosynthesis of glutamine proceeds through the action of glutamine synthetase (GS), and in this reaction ATP is consumed. In Neurospora crassa, decreased GS activity results in ATP accumulation (2, 12) , and a functional cycle of glutamine synthesis and degradation, dissipating energy, has been reported (2, 12) . Glucose catabolism in Bacillus subtilis is diminished in GS mutants (5) , and in tumor cells glutamine reduces glycolytic flow (10) and can be a preferred carbon source (13) . This report addresses such matters for Saccharomyces cerevisiae.
In S. cerevisiae, glutamine is known to decrease GS activity (8, 11) . Table 1 shows that when the wild-type strain S288C (AATot mal gai2) was grown on glucose with glutamine as the sole nitrogen source, the ATP/ADP ratio was 2.5 times higher than when ammonium sulfate was used as nitrogen source, and in the former situation GS activity was severalfold lower. The ATP/ADP ratio found when the wild type was grown on ammonium is similar to that previously reported by Entian and Zimmermann (3) . In mutant CN1 (MA4Ta inol-13 ino4-8 canl gln), which is impaired in GS activity (6) , the ATP/ADP ratio was even higher than in the wild type grown with glutamine, while in a strain with the GS structural gene on a multicopy plasmid, CN6/pGDC1 (MA4Ta Iys2 leu2 gln), that shows high GS activity even when grown with glutamine (6), the ATP/ ADP ratio on glutamine or ammonium was similar to that found when the wild type was grown on ammonium. These results show that GS activity correlates with a low ATP/ADP ratio.
For determination of levels of ATP, ADP, and GS, cells were grown at 30°C with agitation (250 rpm) to an optical density of 0.7, with the indicated nitrogen sources, on minimal medium containing the same salts, trace elements, and vitamins used in yeast nitrogen base medium (Difco Laboratories, Detroit, Mich.). Glucose (2% [wt/vol]) was used as the carbon source. Amino acids needed to satisfy auxotrophic requirements were added at 0.01% (wt/vol). Cells were collected by filtration with 1.2-,um-pore-size Millipore membranes. ATP and ADP were extracted by disintegrating cells in 6% perchloric acid with glass beads as previously described (6) . ATP and ADP levels were determined as previously described (1, 7) . For GS determination, soluble extracts were prepared by suspending whole cells in 5 mM K2HPO4 buffer containing 0.5 mM * Corresponding author.
EDTA and 50 mM K2HPO4 (pH 7.2) and grinding them with glass beads in a Vortex mixer. Transferase activity was measured as previously described (4). Protein was measured by the method of Lowry et al. (9), with bovine serum albumin as a standard. Table 2 shows that the rate of glucose metabolism in the wild type, as determined by conversion of radioactive glucose to CO2 during growth, was lowered by almost one-half by glutamine; the same value was found for the GS mutant strain grown with glutamine. By contrast, in the strain with high GS activity, the rate of glucose metabolism was normal and glutamine had a negligible effect. added at a specific activity of 55,000 cpm/,umol. Seventy-fivemilliliter portions were incubated in 125-ml Erlenmeyer flasks with perforated rubber stoppers and bubbled with decarbonated and hydrated air through a polyethylene catheter tube. Each flask was connected in series to three traps containing 15 ml (each) of 2.5 N NaOH. After the addition of the radioactive compound, the traps were replaced with new ones every 2 h, and a 20-ml sample was taken from each culture for the determination of protein and of the amount of glucose present in the medium. Glucose levels were determined with Sigma kit 510. From each trap, the [14C]carbonate of a 15-ml sample was precipitated with 18.75 ml of 2 N NH4Cl and 15 ml of 1.5 N BaCl2. The Ba14C03 was counted in a Packard Tri-Carb 300 liquid scintillation counter. Samples were counted, and each sample gave at least 3,500 cpm. Under the aerobic conditions employed for these experiments, the enzyme used for glutamine degradation (to glutamate) was glutaminase B (14-16). A mutant lacking glutaminase B, strain CN10 (MA Ta mal gal2 gla) (14) , accumulates high glutamine pools when incubated on either glutamine or ammonium sulfate as the nitrogen source. Because the growth of strain CN10 is impaired on glutamine, studies with this strain used ammonium sulfate as the nitrogen source. As can be seen in Table 1 , in this condition GS activity is low. In this situation, the ATP/ADP ratio is high (Table 1) , and as expected, the rate of glucose metabolism was only 40% of that of the wild type grown with ammonium sulfate (Table  2) .
We believe that these results are consistent with the possibility of glutamine cycling occurring in S. cerevisiae and influencing the ATP/ADP ratio as follows. Low glutamine synthetase activity, caused by mutation in the structural gene or by glutamine itself (as added to the medium or as accumulated in a glutaminase B-less strain), causes a higher ATP/ADP ratio, which in turn influences glycolytic flux. Our results also indicate that glutamine can be catabolized to CO2, which means that this amino acid is being utilized as a supplementary source of carbon, overcoming a possible growth diminution in conditions in which glucose degradation is restricted. 
